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INTRODUCTION. 



In the following pages it is my intention to give 
engineers on board ship, who may be put in charge 
of electric lighting machinery without having any 
electrical knowledge, some idea of the manner in 
which electricity is produced by mechanical means ; 
how it is converted into light ; what precautions must 
be used to keep the plant in order, and what to do iu 
the event of difficulties arising. I do not therefore 
aim at producing a literary work, but shall try and 
explain everything in the plainest language possible. 
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ELECTRIC LIGHTING 



The Electric Current, asd its PRdDUOTiON 
BY Chemical Means, 
It will first be necessary to explain how electric 
ciiiTents are produced by means of chemicals. In a 
jar A, Fig. 1, are placed two plates E and C, one 
zinc, and the other -copper, each having connected 
U) it at the top a copper wire of any 
convenient length. The plates are ^"^ *■ 
kept in position by means of pieces 
of wood, and the jar ia about half 
filled with a solution of salt and 
water, or sulphuric acid and water; 
if then the two wires are joined, a 
current of electricity at once flows through them, 
however long they may be. The current produced 
in this manner is very weak, and does not even 
what strength it has for any length of time, but 
rapidly gets weaker until quite imperceptible. The 
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current is, howeyer, contiDuoiis ; that is, it flows 

steadily in the one direction through the wire, and 

may be used for ringing hells, or for other purposes 

where a feeble current only is required to do inter- 

■ mittent work. The wire E in connection with the 

copper plate, is called the positive lead, and the 

other the negative, and the current is said to flow 

from the copper plate, through the wire E through 

the circuit to D, and thence to the zinc plate, and 

Cnrrent throiigli the Hquid to the copper plafe. The current 

to Kircuia- has often been compared to water flowing through 

iil't^" '* * P'P^i hut I think it can be better compared to the 

blood in the human body, which through the action 

of the heart, is continually forced through the 

I arteries and veins in one steady stream. There is, 

however, this difference, that there is no actual pro- 
gression of matter in the electric current, it being 
liije a ripple on water, which moves from end to 
end of a lake without the water itself being moved 
across. Now that I have given you an idea of how 
the current acta, I must try and explain how- 
different degrees of strength and volume are ob- 
strength tained. In the first place, let us consider what con- 
voiuraeof St itute strength and volume in an electric current, 
current, q;. ^j ig^gj ^^y ^nd get a general notion about them. 

LFor this purpose I shall compare the electric current 
to water being forced through a pipe; and the 
strength of the electric current, or electromotive 
force, written for short E.M.F., will be like the 
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pressure of water at any part of the pipe. Two 
pipes may carry different quantities of water, and 
yet the pressure may be the same in each ; in one a 
gallon of wafer may pass a given point in the same 
titiie that a pint passes the same point in the other, 
and yet in each case the different quantities may 
pass that point at the same speed. Thus in elec- 
tricity, two currents may be of different volume or 
quantity, measured in amperes, and yet be of the 
same E.M.F. measured in volts; or they may be 
of different E.M.F., or pressure, or intensity, and 
yet be of the same volume. If any work is to be 
done by the water forced through a pipe, such as 
turning a turbine, it is evident that pressure of 
itself is not sufficient, seeing that a stream an inch 
in diameter may be at the same pressure as another 
a foot in diameter. So with the electric current, if 
work is to be done, such as driving a motor, or 
lighting a lamp, it is not sufficient to have a certain 
E.M.F. ; there must be quantity or volume in pro- pressun 
portion to the amount of work, so that if it takes a "naiciea 
given quantity to work one lamp, it will take twice ^'|'"'"' 
that quantity to work two lamps of the same kind. 
It must not be inferred from this, that if one lamp 
requires a certain E.M,F,, that two lamps will require 
it to be doubled, as sucli is not the case, except under 
certain conditions which I will explain later on. 

Tlie action of electricity is practically instan- Action . 
taneous in any length of wire, so that if the current insunta- 
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is naed to ring two belle a mile apart, bat connected 
bj wires, they will commence to ring eimulta- 
neoosl;-. I bare eo Ear not said anything about 
resistance to the passage of the cmrcnt through the 
wires. I shall therefore refer again to oni com- 
parieoD of the carrent to water forced throagh a 
pipe, and yon will agree that a certain Eised pipe 
will only convey a certain amotrnt of water in a 
given time. If a larger qnantity is to be conveyed 
in the same time, a greater pressure most be applied, 
w a laiger pipe mast be nsed. 

It b erident that increasing the size of the pipe 
ill get over the difficulty more readily than in- 
creasing the pressure of the water. The pipes 
themselves oflfer a certain resistance to the passage 
of the water through them, in the shape of friction ; 
80 that if an effect is to be produced at a distance, 
rather more pressure is required than if it is done 
close at hand, so as to make up for the loss sustained 
by friction. 

Much the same may be said of the electric 
ne/tht <!tirrent; a certain sized wire will only carry a 
cert^ current, and if more current is reqoired, a 
thicker wire must be used to convey it, or it must 
be of a greater E.M,P, It is asually more con- 
venient to increase the thickness of the wire 
than to increase the E.M,F. of the current. The 
wire offers a certain resistance to the passage of the 
current through it, which may be compared to 
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friction, and this resistance varies according to the 
metal of which it is composed. Copper is the metal Copper th* 
in ordinary use for wires for electric lighting put- JJf^tai 
poses, and the purer it is the better will it convey ^'"' ™°" 
the current. Iron is used for telegraph wires on 
account of cheapness, the current used being so 
small that this metal conveys it readily enough ; if 
copper were used, the wires would only require to 
be about one-third the diameter of the iron ones. 
The following are the respective values for electrical 
conductivity of various metals when pure, taking 
silver as a standard : — Silver 100, copper 99 '9, gold 
80, zinc 29, brass 22, iron 16-8, tin 131, lead 8-3, 
mercury 1*6. 

If a wire is made to convey a current which is too Heat pro- 
large for its electrical capacity, it will get heated, current 
which decreases its conductivity, with the result ^''^^ ^"^ 
that the heat increases until finally the wire fuses, small. 
I shall have more to say about this when speaking 
of electric lighting. 



Peoduction of Electhio Odreents by 
Mechanical Means. 

I Magneto-electric Machines. 

I have shown how the electric current is produced 
by the action of chemical or primary batteries, and 
how this current will flow through suitable con- 
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dnctors. I shall now explain how mechanical power 
Corrant may be converted into electricity. It has been 
bj me- found that if a wire, preferably of copper, of which 
m^r *'^^ ^'^^^ ^'■^ join^ together, is moved past a mag- 
net, a current is induced in the wire, flowing in one 
direction while the wire is approaching the magnet, 
and in the opposite direction while it is receding 
from it. This is then not a continuons current like 
Alter- we obtained from the chemical battery, but an alter- 
currcQi. Dating one, and yon will see later on how it can be 
made to produce similar effects. The oftener the 
wire passes the magnet the more electricity is 
generated, so that if we make a coil of the wire and 
move a large number of parts of wire past at one 
time, the effects on each part are accumulated ; and 
if instead of having one magnet to pass before, 
we have several, the effects will bo doubled or 
trebled, &e,, in proportion to the number. If, again, 
the coil is moved at an increased speed past the 
magnets, the effects will be still further increased. 
Magneto- The knowledge of these facts led to the con- 
uleotric . ,. 1 . 1 - 1 ■ 

muchineB, stniction 01 the various magneto-electric machmea, 

of which a familiar type is seen in those small ones 
used for medical purposes. They contain a large 
horse-shoe magnet, close to the end of which two 
bobbins of copper wire are made to revolve at & high 
speed, and all who have used these machines know 
that the more quickly they turn the handle the 
greater shock the person receives who is be in; 



^H bobbin 

^H speed, 

^H that 

^H greatei 
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operated upon. The current generated is really shock pi 
very feeble, the shock being produced by interrupt- inunop 
ing it at every half revolution by means of a smalt *y^°^^ 
spring or other suitable mechanism. If tlie current 
■ is not so interrupted, it cannot be felt at all, which 
may be proved by lifting up the spring on the 
spindle of the ordinary kind. The current is an 
alternating one, and changes its direction through- 
out the circuit, however extended it may be, at every 
half revolution. If it is required to have a con- The cur 
tinuous current, use must be made of what is termed be com- 
a commutator, and I shall endeavour to explain '"" ^ ' 
the manner in which it acts as simply as possible. 
Without going into any farther details as to the 
construction of the bobbins, and their action at any 
particular moment, I shall content myself with say- 
ing that if the wire on the two bobbins is conttnuoas, 
and the ends are connectecl, the current will flow 
one way during half a revolution, and the other way 
during the other half. N"ow, in Fig. 2, on the Deatrip 



I 



spindle A on which the bob})ins are fixed, is fitted h 
split collar formed oftwo halves Band C, to which are 
joined respectively the ends of the wires -i- and - 
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This collar is insulated from the spindle by a 
suitiible insulating material, that is to say, a material 
which does not conduct electricity, such as wood, 
ivory, &c., and is represented in Fig, 2 by the dark 
parts D, Bo far the circuit is not complete, so that 
however quickly you turn the machine no current is 
produced. If, however, some means is employed for 
joining E and C by a conductor, the alternating 
current is produced as before. In Tig. 3, 1 show a 




section through BAG On a base E made of wood, 
are fixed two metal springs P and G, which are 
made to press against B and C lespectnely ; wires 
are connected at H and t, which, jumed together, 
complete the circuit. A continuous current is said ' 
to be + or positive where it leaves a battery, and ~ 
or negative where it returns ; it will be convenient 
to use these signs and terms in the following expla- 
nation. Atone portion of the revolution the spindle 
will be iri tlie position shown in Fig. 3, and the + 
current is flowing into B, through F, to the terminal 
H, tlience through the circuit to the terminal E, 
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through G to C, and so back through the — wire to Curreot 
the bobbins of the machine. In Fig. 4 the spindle alternating 
has made a half revolution, bringing B in contact with '" ""* 
G, and C with F. But by this half turn the current is contiDQ- 
is reversed in the bobbins, and the + current flows circuit, 
into 0, through F, to terminal H as before, and 
through the circuit to K, through G and B, back to 
the bobbins. Thus you see that in the circuit the 
current will be always in the same direction, or 

Fio. 4. 




continuous, although in the bobbins it is alter- 
nating, and may be used for any purpose for which 

a continuous current is required, such as electro-'^'"'"'"' 

, cmreat 

plating, &C. used for 

There are various forms of these magneto-electric pUti^g. 
machines, as well as of commutators, but the fore- 
going shows the general principle of them all. 



■ Dynamo-eleetrie Machines. 

It will now be necessary to explain the nature of 
a dynamo-electric machine, called, for e 
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dyuamo, and to show in wliat it ditfers from a 
magneto- electric machine. 

I have explained liow an electric cnrrent is pro- 
duced bj a wire passing in front of a magnet ; now, 
tills magnet may either be of the ordinary kind, or it 
may be what is termed an electto-mugnet. One of 
the effects which electricity can be made to produce 
is the magnetising of steel bars to form the ordinary 
and well-knowD permanent magnets which are used 
in ships' compasses, &c. To produce this effect, part 
of the wire in a circuit is made into a spiral as in 

Fig. 5. 

Fio. 5. 



' The steel rod to be magnetised ia placed within the 
spiral, and a continuous current of electricity is then 
sent through the wire, ^vhich causes the rod to become 
magnetised with a North pole at one end, and a South 
pole at the other. The more cnrrent is passed 
through the circuit, and the more turns are in the 
spiral, the more quickly aud strongly is the rod 
magnetised ; and it will retain its magnetism for an 
indefinite time if made of suitable steel. There is a 
point at which the metal is said to be saturated with 
magnetism, and the strength it has then acquired 
will bo that which it will retain afterwards, although 
while under the influence of the current that strength 
may be considerably exceeded. If instead of a steel 
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rod one of iron ie placed in the spiral, and the 
current is passed through as before, it will be 
magnetised in the same manner ; but as soon as the 
current is stopped, tlie rod loses almost all its 
magnetism, and if the current is then passed in the 
opposite direction the rod will be magnetised in the 
opposite way. The softer and more homogeneous is 
the iron, the more instantaneously will it acquire 
and lose its magnetism, and the greater strength of 
magnetism it is able to acquire. An iron bar, round 
which are wound a large nurater of turns of insulated 
or covered wire, constitutes an electro-magnet. The 
difference then between a magneto-electric and a Where tin 
dynamo-electric machine is, that in the former ^j^"' " 
permanent magneta are used, and in the latter ''J'^'^T" 
electro-magnets take their place. I do not intend diflf^r. 
to go into particulars as to the construction of the 
various dynamos in present use, as there are many 
books to be had in which these machines are fully 
described. I need merely say that in the so-called 
continuous-current dynamos, the whole or part of 
the current produced is made to pass through the 
coils of the electro-magnets, thus inducing in them 
the required magnetism. I showed how, in the 
magneto-electric machine, the currents are collected 
by means of a commutator, and it is evident that in 
2;s. 2, 3, and 4 there might be separate wires 
I coming from each bobbin to B and C ; and if there 
•-■were more than two bobbins, there might still be 
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two wires from each to B and C. On the other 
hand the collecting collar might be split into more 
sections ; in fact there might be as many sections as 
bobbins. To show how the current is collected in 
continuouB-current dynamos, I must give a short 
explanation of the revolving part or armature of a 
standard type of machine. 

In Fig. 6 is shown a horae-shoe magnet, with its 
North and South poles, N and S. Between these poles 
is made to revolve the arma- 
ture, composed of a number 
of coils of wire made to form 
a ring like a life-buoy. The 
ends of the wires are made to 
lie along a collar on the spindle, 
naade of some insulating ma- 
terial, each wire being parallel 
to its neighbour, and kept separate from it, as 
shown in Fig. 7. 

FiQ, 7. 





Typp of These wires are so axrapged that if one end of a 

tator. sectional coil is on top of the spindle at a given 

moment, the other will be on the under side. If 
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as they reach the top, so that it will always there- 
fore be + iu the upper brush and — in the lower 
one, and will accordingly be continuous through tlie 
circuit. It will be seen in the illustrations of varioua 
continuous-current dynamos, that though their shape 
and arrangement differ, the mode of collecting the 
current is much about the same as I have described 
above. Pigs. 8 and 9 show some of the continuous- 
current dynamos at present in use. 



-1% 




^H maf 

^H as 1 

^B the 



Brush Dynamo. 

I will now explain the nature of an alternating- 
cnrrent dynamo. 

The principal difference between the continuons- 
and alternating-current dynamo, is in the number of 
magnets used. Most of the former have only four 
magnets, while the latter have frequently as many 
thirty-two. In reality, as I have shown, these 
all al tern atiug-rur rent dynamos, only that in 
the so-called continuous-current ones, the current is 



I 
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commutated, whereas in the othera it is not, but is Cnrrtnt 
used as it is produced. In the priocipal alternating- ^I'tated" 
current dj'uamos, a number of small magnets, usually 
sixteen, are attached to a. framework directly- 
opposite a similar number of others of the same 
size, the space between the ends being only about 
an inch or two. These are all electro- mag nets, and 
are wound in such manner that when excited by a 
current, every alternate one shall have the same 
magnetism, as in Fig. 10, and every 
opposite one a contrary magnetii^m. '"' 

This produces an intense magnetic ^^^ ^^^ intoDse 
field between the ends of the mag- ^^^^ ^^^ lidd pro- 
nets, and in tliia space revolves the ^^ ""^ " 
armature. This armature, in the ^^^ ^^^ 
Siemens dynamo, is comjxjsed of 
& disc having as many bobbins on the periphery as 
there are magnets on each side of the dynamo. As 
each bobbin approaches each magnet a current is 
induced in one direction, which is reversed when the 
i>obbin recedes ; thus an alternating current is pro- 
duced, which is collected by connecting the ends to 
ilated rings or collars on the spindle, and having 
wnall copper brushes or rubbers in contact with 
them. In the I'erranti dynamo, the armature is 
quite different, and much more simple, 
son of Figs. 11 and 12 will show. ^ 

It consists of a copper tape bent in and out so as to 
form a sort of star with eight arms, the number of 
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layers of insulated copper tape being from ten to 
thirty, according to requirements. The centre is 
made in a aimilar shape with bolts or rivets holding 
each coDTolntion in place. The two ends of the 



Fio. 1 




Siemens ArmntuTc. 



Fcrrauti Armature. 



tape are attached respectively to two collector-rings 
on the spindle, against which press two solid metal 
rubbers which carry off the current for use in the 
circuit. It can be shown that as each arm approaches 
a magnet a current will be induced in one direction, 
which will be reversed as each arm recedes; and 
therefore an alternating current will be produced. 
As there are sixteen nnagnets for the annature to 
pass at each revolution, there must ba sixteen alter- 
nations of the current during the same time, so that 
if the speed of the armature is 500 revolutions per 
minute, there will be 500 x 16 = 8000 alternations 
in one minute. These alternations being so ex- 
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Hremely rapid, when this current is used for electric 
lighting, the stendinesa of the light will be in no 
way affected, but will remain as constant as with a 
continuous current. 




The alternating current produced by 
cannot be used for exciting an electro-magnet, as the . 
magnetism would be reversed at every alternation ; 
a separate small dynamo of the continuous type is 
therefore used as an exciter to magnetise all the 
electro-magnets in the field, and it is usually coupled 
on to the same spindle, and therefore goes at the 
same speed as the alternating- current dynamo. The 
f exciter is usually of a size to be able to do alone 



coupled on 
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about one-tenth to one-twentieth of the work that 
,_ the larger machine does in the way of lighting ; bo 
that if from any cause the latter ib disabled while 
the ship lighted by it is at sea, the exciter may be 
used alone to do a portion of the lighting, in the firat- 
1 for instance. This can only be done if 
the exciter is so constructed as to give the proper 
EJH.F. that the lamps require. 
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Electric Lamps. 



I 



I have explained how power can be concerted into 
electric currents, either continuous or alternating, prodnction 
and I must now show how these currents can be ji^hc '"' 
applied to the production of light. 

The current may be used to produce an are UgM in Arc lighta, 
the following manner : — Two carbon rods, A and B, 
are held by snitable means in the position shown in 
Fig. 15, and the two wires from a dynamo are joined 
respectively to A and B, the upper one 
always being the positive lead when a 
continuous current is used. When the 
current is sent through the circuit, it 
passes through the carbons A 
which are conductors. Immediately this 
occurs, suitable mechanism in the 
being acted on by the current, or by 
hand in tfie case of search-lights, or by clock-work, 
moves the two carbons a small distance apart, with 
the consequence that a dazzling arc of light is formed 
between them. If the carbons get too far apart, the Mechi 
mechanism brings them nearer together again, and t^r"u*".' 
on the delicacy with which it acts, depends the 
steadiness of the light. It would be useless to ex- 
plain how this mechanism acts, as it is in a differenl 
form in each maker's lamp. Some lamps have been Sf 
'Constructed for use with an alternating current, but aUe'ftw'" 
with the majority a continuous current is used. ".'"™"°R 
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While an arc light is boming, the carbons waste 
away, the upper one more rapidly than the lower, 
and the mechamBm has to approach them cons^tntly 
to make up for this waste, 
whm or- When the carbons are consumed as far as con- 
eotmonied venient, an automatic arrangement cuts off the 
light goM current, and the light goes ont ; or it diverts the 
current to another set of carbons, which at once 
light up. The carbons are 
made in suitable lengths to 
last a certain number of hours 
four, sis, eight, &c. In Fig. 
16 is showQ an arc lamp com- 
plete. 

An arc lamp is of necessity 
a complicated affair, which it 
is not advisable to have on 
board ship, except where an 
electrician is engaged perma- 
nently. 

Another way of producing 
light is to use the current in 
what is called an electric candle, 
of which a familiar type is the 
Jabloehkoff candle. 

Fig, 17 shows the form of 

this candle, A and E being 

two carbon rods parallel to one another, and joined, 

but at the same time insulated from one another 
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by kaolin, a sort of chalky substance, which is a non- 
conductor. 

The wires and D from the dynamo are joined 
respectively to A and B throngh metallic supports, 
as in an arc lamp, and when the 
current is turned on it flows through ^'°' ^'' 

C A and across by a small strip of 
carbon E to B and D back to the 
dynamo. The strip E is only large 
enough to carry the current across 
for a moment, and is immediately 
consumed, but au arc of light 
between the carbons as in the arc lamp. As the 
carbons consume, the kaolin in between burns *"'"■ 
away, just in the same manner as, in an ordinary 
candle, the wick is consumed and the wax melts 
and burns away, except that in the latter case 
the wax feeds the light, whereas tlie kaolin is only 
used to keep the carbons the required distance apart 
and the arc of light from running down them. It is 
evident that the carbons must be consumed equally, CandU 
for which reason use must be made of the 



altenmting 
current. Any unsteadiness that occurs in the light ':>^i " 
produced ia consequent on unsteadiness of the 
current, or impurities in the carbons, &c., there being 
no mechanism of any kind required. These candles 
do not give such a great light as arc hghts, but it is 
of the same nature in every way. Fig. 18 shows one 
of these candles iu its holder, from which can be 
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seen how electrical contact ia made with the two 
carbons. 

If the current is interrapted in any way, and the 
light goes out, it will not be produced again auto- 
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matically, but requires a small piece of carbon 
between the two carbons as a path for the current to 
pass across as in the beginning. 

A third form of electric light is produced by 
Tising the current in an ineandeseent lamp. 

To explain the action of an incandescent lamp, I 
must refer back to what I said about wires getting 
heated by a current teiug passed through them 
which was too large for their capacity. If two large 
wires are joined by a small one, and a strong current 
is passed through the circuit, the small wire rapidly 
geta red hot, and finally fuses. If this small wire is 
contained in a globe from which the air is exhausted, 
when the current is passed through it, it gets red. 
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' tiien white hot, and when veiy brilliant gets fused, v' 
If, instead of wire, we have in the small globe a thin ti, 
filament of carbon, when the current is paased 
through, we get a brilliant light which remains con- 
stant because the carbon does not fuse, and it cannot 
bum away tor want of air. Fig. 19 shows a Swan 
lamp, and Fig. 20 an Edison lamp, both made on 
this principle. 





If in these lamps tho vacuum were perfect, the V. 
carbon filament would never get consumed; it is, 
however, impossible to get a perfect vacuum, but 
the better it is, the looger will the filament last. 
Incandescent lamps are the only ones that are 
suitable for bouse or ship lighting. They give a A. 
yellowish light like a good gas-flame, they do not |^ 
consume the air of a room, they cause no smell, and ^^ 
only give out a very slight heat. Tbey are per- »' 
fectly safe, because if the globe gets broken and 
allows air to get in, the filament is instantly con- 
id the light goes out. They can he put in 
all sorts of places where it would be impossible to 
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have any otlier iamps, aucli as near the ceilicg, close 
to curtains, in a room full of explosives or com- 
bustibles, and even under water. They are not 
1 affected by wind ; they can therefore be used under 
punkahs, or near open windows, sky-lights, or ports, 
_ or in the open air. These lamps can be used with 
' either continuous or alternating currents, but will 
probably last longer with the latter, because, when a 
continuous current is used, particles of the carbon 
of the filament appear to be conveyed from one end 
of the filament to the other, reducing the thickness 
at the one end, until finally it breaks. This evi- 
dently cannot occur with an alternating current, as 
the impulse in one direction is counteracted by the 
following one in the opposite direction. If the 
current used is of too liigh a tension for the lamps, 
they will show an intensely brilliant light for a 
short time, but the filament will soon be destroyed, 
and the lamp rendered useless. 

Leads. 
We have now to consider the means used for con- 
veying the current, continuous or alternating, to the 
lamps we intend to use. The leads for the electric 
current, which correspond in some measure with 
He the pipes which convey gas, are made of copper 
wire, as pure as can he obtained, covered with some 
insulating material to prevent the escape of the 
current through contact with other conductors. The 
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size of the wire is regulated accorduig to the amount 
of current which is to be conveyed ; it will do no 
harm to have it of twice the required section, but if 
it is of less than the required section, it will offer bo 
much resistance to the passage of the current, that 
it will probably get fused iu a very short time. If 
the lead attached to one terminal of the dynamo 
cornea back to the other terminal without there Short 
being any lamps in the circuit, or other means of 
making use of the current, it ia said to be short 
circuited, and if the dynamo is kept going some- 
thing must give out very soon. The two leads must 
therefore never be connected with one another, except 
by a lamp or other resistance, and the manner in 
which the lamps are placed, and the size of the leads, 
depend upon the relative tension and quantity of 
cuiTent and the kind of lamps to be used. If the 
current is to be used in arc lamps it is usual to High 
have a high E.M.F., which allows of the leads being „rc lights, 
of small section ; but if it ia to be used in incan- j "j,^^ 
descent lamps it is found more convenient to have ='^''^- 
a low E.M.F,, and as this implies a large quantity 
of current, the leads have to be of large section. 

Arc lamps usually require to be placed in series, Arc lights 
that ia to say, in such a manner that the current, 
after leaving the dynamo, passes through each lamp 
in succession. The E.M.F. required in this ease 
is the sum of the E.M.F. for each lamp, the quan- 
tity required being tlie same as for one lamp. This 
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accounts for the high E.M.F. used in arc lighting 
and the small size of the wire for conducting the 
current. Incandescent lamps can be either in series 
or parallel, aud frequently the two systems are com- 
bined. To explain the meaning of having lamps 
parallel, we will suppose the two leads from a 
dynamo to be taken along a wall, parallel to one 
another, and about six. inches apart, ending at the 
end of the wall, but not connected in any way. If 
we then place lamps at intervals between the two 
leads, connecting one loop of each to the upper lead, 
and the other to the lower lead, by means of small 
copper wire, these lamps are said to be all paraUeL 
In this arrangement the current required is the Bum 
of the quantity necessary for each lamp, hut the 
E.MJ. is the same as that required for one lamp 
of the same kind. As we therefore require to send 
a large ^antity of cui-rent through the leads at a 
small pressure or E.M.P., these leads must be of 
large section. In the above arrangement each 
lamp may be turned on or off separately without 
affecting the others. Sometimes two or more lamps 
are placed in groups between the parallel leads ; 
these are then in series with regard to one another, 
and can only he turned on or off two or more at a 
time, in other words, one group at a time. If our 
dynamo is producing a current of 100 volts E.M.F, 
when working at its proper speed, and our lamps are 
■ 100-volt lamps, we shall be able to turn each lamp 
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on or off separately ; but if we want to put in 
50-Tolt lamps, we must place two together, and we 
shall then have to turn them on or off two at a 
time. I am supposing that in both cases the lamps 
require the same quantity of current, though of 
different E.M.F. 

To prevent the lamps being spoilt by the current 
being too strong through a sudden increase in the 
speed of the dynamo, as also to prevent the leada 
getting fused, and perhaps setting fire to the casing, 
it is usual to have safety fuses in various parts of Safety 
the circuit. These are of different kinds, but a 
typical one consists of a small lead wire, large 
enough to carry the normal current, but which fuses 
when the current is too strong, and at once inter- 
rupts its passage. The lamps in the same portion of 
the circuit are then extinguished and so saved from 
destruction, and cannot then be lighted again until 
the fuse ia renewed, whichj however, can be done 
with ease. 



Ship Lighting. 
We will consider now the case of a steamship to 
'be lighted by means of incandescent lamps. It is 
flometimes a matter of some difficulty to fix on a 
suitable position for the dynamo and engine, espe- 
cially in ships which have already been running for 
some time. 
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In selecting a position, it must be borne in mind Posiiion 
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that a dynamo will work best in a cool clean place, 
cleanliness being most important. K a lot of coal 
dust is flying about where the dynamo is working, it 
will be drawn into it, and tend to impair its elec- 

1 trical, as well as meclianical efficiency. If the 
) is kept properly lubricated, it will work well 
enough in a hot place, but we must remember that 
the heating of the wire which makes up a large por- 
tion of the dynamo, reduces its conductivity, so that 
the cooler it is kept the better. The dynamo should 
be so placed that the engineer can get to every side 
of it easily. If a quick-speed engine is to be used 
for driving it direct, it will make a very compact 
installation, but there seems to be some difficulty as 
yet in getting suitable reliable engines, besides 
which many marine engineers object to quick-speed 
engines altogether. If a slow-speed engine is to be 
used, a belt is of course required to get the necessary 

'■ speed on the dynamo, and various precautions are 

needful to prevent the belt slipping off the pulley 

when the ship is rolling abont in a sea-way. In all 

cases, the engine and dynamo should be placed with 

their spindles fore-and-aft, or in a line with the 

ship's keel, the rolling being felt more than the 

pitching. There are various ways of keeping the 

oftbe 1*^1^ from slipping off the pulley. Some have 

pulley. flanges on the pulley, others have guides or rollers 

on each side of the belt, each plan having its advan- 

Hj^^ tages aud disadvantages ; but some plan must be 
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naed, otherwise the belt slips off, usually in 
middle of the first-saloon dinner, and out go all the 
lights, besides which the belt may be considerably 
damaged before the engine can be stopped. The 
engine must be one that will work very steadily, Eagine 
otherwise the lights will pulsate at each revolution ™Xiiiy°' 
of the engine, which is naost unpleasant. If the 
engine is a single one, it must have a large fly- 
wheel, or a driving-wheel large and heavy enough 
to answer the same purpose. The engine requires a A good 
good sensitive governor, so as to keep the speed goTemM 
regular when some of the lamps are turned on or ''^""s'^- 
off. When the engine and dynamo are in the main 
engine-room, the throttle-valve, or a stop-valve, 
should be in a convenient place for the engineer on 
watch to get at so as to instantly shut off the steam 
if the belt slips off or breaks. In ships where an 
electrician is carried there will not be the same 
necessity tor this precaution. It is necessary to have The (wit 
Bome means of tightening up the belt, so as to beep kapt tight, 
it from slipping round the pulley. Where the 
engine and dynamo are on the same level there may 
be a screw arrangement in the base-plate of the 
latter by which the distance between centres can be 
increased. Where the engine and dynamo are on 
difierent levels, and the latter is a fixture, recourse 
must be had to a roller, bearing against the upper 
part of the belt and capable of screw adjustment. 
If link leather belting is used, it will be found 
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necessary to take out several rows of lints each day 
until it haa finished stretching. A very handy thing 
to use for this purpose, and which can be made on 
board by an engineer, is a double clamp with a screw 
in between, just like the ones which are being sold 
for stretching trousers which have got baggy at the 
knees. Whatever belt is used, it is very important 
that there should be no joint or inequality which can 
cause a jump or slip when going over the pulley, as 
this will cause the lights to pulsate each time. In 
America friction gearing has been tried, but I do not 
know with what success. From my experience of 
friction fjeariiig, I am inclined to think it might do 
very well. There is certainly no doubt that direct- 
acting quick-speed engines are the ones to use, and 
it is only a question of getting a suitable one. 

The dynamo being firmly fixed in position, the 
main leads are connected to it, and carried along to 
the switch-board, which should be in a convenient 
position near at band. On this switch-board are 
usually placed the large safety fuses. The board 
should have a cover to it, to prevent any one 
meddling with it, and to keep it clean. The main 
leads are of a large size, and from these other 
smaller ones branch ofT, being spliced and soldered 
to them. It is a very good practice to use leads of 
two different colours, as we can then work by the 
following rule : Never connect together two leads of 
different colours except by means of a lamp or other 
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reBistance. The size of the various leads depends on 
the current to be conveyed, and is a matter for the - 
electricians. On the main-deck of a large passenger 
steamer, the main leads may be carried along side Msin leads 
by side under the upper -deck, and from these, Usda. 

. flmaller ones branch off into the various sets of 
rooms, smaller ones BtM going into each room. In 
each room there will be one lamp with ita switch to 
turn it on or off as desired, and a safety fuse. The 
lamps are held in small brackets, and are contained Lampa 
when desired in frosted globes, which diffuse the frosted 
light and make it very pleasant. When these ^ " 

bes are held rigidly in the brackets, the least 
knock breaks them. A very good bracket I have 
seen in use is one which allows the globe to move 
about on its support when touched, being at the 
same time sufBciently a fixture to resist the motion 
of the ship ; and in the particular ship in which I 
saw these used in the first saloon, there was not a 
single breakage during a four months' voyage. Tiie 
Bwitehes for turning each light on or off can be under Switchea 
the control of the passengers, or, on the other hand, lamp. 
they can be fitted to work with keys kept by the 

I stewards, as thought most desirable. 

The lamps used can be of various candle-powers. Lumps of 
within certain limits, and of whatever make is cHodi"- 
considered best. They can also be of various makes, p""'"''^- 
as long as they are constructed to stand the same 
E.M.F. The lamps in tlio passenger berths give 
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qnite sufiScient light if of 10-candle power ; the ones 
for lighting the salooDs, passages, and other large 
spaces, may with advantage be of 20-candIe power. 
In these days of luxurious travelling, when the 
various lines are trying to attract passengers to their 
particular ships, what follows may be thought worth 
consideration. In steamera going through the tropics 
to ludia, China, Australia, &c., it is usual to get up 
dauces, concerts, and other entertainments on the 
quarter-deck, at times when it would be impossible 
to do anything below on account of the heat. The 
quarter-deck then haa to be lighted up. This ia 
effected by means of globe oil-lamjjs hung about 
here and there, two being huug in front of the piano, 
in unpleasant proximity to the head of the obliging 
lady pianist, Kow in a ship lighted by electricity, 
there is no reason why a couple of leads should not 
be brought up from below through a skylight or 
other opening, on to the quarter-deck. Indeed the 
leads might be arranged to screw into a place in the 
deck, or on the side of a skylight, juat in the same 
manner as a hose is connected for washing decks. 
These leads would have holders for lumps fitted 
permanently at intervals, and when required for use 
would be stopped up along the awning-spar or ridge- 
chains, and the lamps screwed or hooked into the 
holders. With a few handy men, five or ten minutes 
would suffice to arrange the whole thing after the 
leads bad once been fitted. The leads once fitted 
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for this purpose would be always ready for use, and always 
could be kept coiled away in a box wbicb might also l^[iy ^ 
have a compartment to contain the dozen or so of ^^^^ "P- 
lamps required. 

If the dynamo is already running as many lamps 
BB it is capable of, some of the bedroom lights may 
be turned off while the quarter-deck is being lighted. 
Another thing which I think has not yet been done 
is the following. When working cargo at night, and Lighting 
indeed during the day to some extent, lights are of holds, 
necessity used in the holds. The theory is, that no 
naked lights shall be allowed, but thepradice is this : Danger of 
lamps are taken below, get knocked about, the wicks oi?]rmpa, 
jall down and want pricking up, the lamps are 
opened for this purpose, and as they are found to 
give more light without a dusty glass round them 
than with it, they are left open. Candles are olten 
taken below lighted, and even matches struck to see 
the mark on a bale. I am aware that arc lamps are 
used in the Hoyal Albert Docks, London, in con- 
nection with the dock HghtEng, lamps being carried 
below when required, with flexible leads attached, 
ftod that, in some few steamers, arc lamps have been 
nsed iu the same manner in connection with their 
own plant. These arc lamps are, I think, not nearly Arc i,nmp» 
as suitable as incandescent lamps for the purpose of aUe!""' 
lighting up a ship's hold ; the light is too glaring, 
and casts deep sliadows amongst the bales and cases, 
besides which, the lamps are large and clumsy. I 




WE1HKLE8 Df BLECTBIC UGHTING. 

Arrange. woTild suggest that leads shonid be carried behind 
londa for t^e striiiger-batteiis in the ship's Bidej or along under 
lenUam' s *^® next npper-deck, having simple sockets or 

^ holders for incandescent lamps at certain intervals. 

Whoever might be in charge of the hold would 
screw or hook on the lamps as required, and so light 
up every part of the hold thoroughly while work was 

going on. There would be no risk of fire, and I am 
Work convinced that the extra leads and lamps would pay 
bet^r a^Qd *°^ themselves in a Yery short time, because work 
pilferiag would get on more quickly, and pilfering of the cargo 
prevented, would be in a great measure put a stop to. The 

leads for the holds could be so arranged as to be 
Hold leads quite Unconnected with the dynamo while at sea, so 
ne°cted' that there could not be the remotest possibility of 
while lit (^jjg current finding its way below when not wanted. 

In fine, there is no reason whatever why a ship's hold 

should not be lighted up when required, as well as a 

warehouse or store on shore. 
Installation Now, wc Will suppose that OUF Installation is com- 
comp e e. p]gjg^ ready for working, everything having been 

pronounced in order by the electrician who has 
Lights looked after the work. Evening is approaching, and 
Ts^night ^^^ lights will soon be required ; we must therefore 
approaches, ggg j^jj^j y^p engine and dynamo are ready for a 
Precautions start. If the engine and dynamo are separate, the 
startinc belt must be felt, to see that it is tight enough, 
dynamo, otherwise it must be tightened by whatever means 

are provided for the purpose. We must also see 
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' that the engine and dynamo are properly oiled, and 
that the woreteda are down the tubes of the oil-cups, 
and working properly, not dry, as I have known 
them to be, with fatal result to the dynamo. If the Lubrica- 
lubrication is performed by means of tubes leading bo per'i^ci, 
to each bearing from an elevated oil-box, we must 
eee that the oil really gets to the bearings, and 
regulate its flow as required. The commutators Commuta- 
and col lector- rings and rubbers require only a wipe collettom 
of oii, just sufQcient to prevent undue wearing of J^^^"'"^^!^ 
the surfaces ; if too much is put on them, they will oil. 
spark a great deal, and sparking will wear them 
away more quickly than friction. The brushes of 
copper wire which collect the current of the exciter 
dynamo, and others of similar pattern, must be 
placed so that the ends press on the commutator as Position of 
shown in Fig. 21. The ends should project just a " '^ ' 
little way beyond the point or line of contact, and 
when the dynamo is running, there should be very 
little sparking. I am supposing that our plant con- 
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BiBts of an alternating-current dynamo with a small 
exciter, The wires leading from the exciter to the 
other dynamo remain always connected, as there ia 
no need for meddling with them. 

D 2 



K no need for 
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We will now start the engine, and thereby set tlie 
dynamo going roimd, slowly at first, and gradually 
up to the speed required. The main switches are 
not yet turned on, so there is no current going 
through the leads as yet ; what then is being done ? 
A current is being produced by the exciter only, 
and is magnetising the electro-magnets of the larger 
dynamo, and if we want to know if it ia really 
doing its work as intended, we just hold a small 
pocket-compass over the ends of two opposite 
magnets of the dynamo, and observe how the needle 
points. It should at once take up the position 
shown in Fig. 22, and if then held over the next 
couple in like manner, the needle should simply 
turn round, and point in exactly the opposite direc- 
tion. If it points in any other direi'tion, there is 
something wrung with the connections. If, how- 
ever, the connections are right at starting, they will 
of course remain right, and there should be no need 
for this test. It is well to remember that when 
dynamos are working, they are, or contain for the 
time being, very powerful magnets, therefore if we 
bend over them to examine them, our watches will 
get magnetised, which does not improve their 
qualities as time-keepera. Say that our dynamo is 
now going round at the required speed, which may 
be 500 or 600 revolutions per minute ; the engine is 
not using much steam as yet, because very little 
work is being done. "We now switch on a set of 
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lamps ; this closes the circuit, and the large dynamo Current h 
begins to produce ita alternating current, which goes fnlu"^ 
through the lamps and liglits them up. This, how- ^7^°'^ 
ever, gives the engine more work to do, and more 
steam roust be turned on, otherwise the necessary 
speed will not be kept up. We switch on all the 
other lamps as required, and must see that the 
speed of the dynamo is kept constant. A difference 
of a few lamps, affecting the engine to a small DifferenM 
extent only, should be compensated automatically "amps*" 
by the governor. If the brightest lamps are not ™"?*^" 
bright enough, the speed should be increased a govemor. 
little, but care must be taken not to overdo it, 
because if the current is too strong, some of the 
safety fuses will melt, and the corresponding lamps 
will go out. It must not be inferred from what I 
have said, that it is necessary to run the dynamo at 
first without switching on any lamps. On the con- 
trary, a better effect will be produced if all the Turn M 
lamps are switched on before starting, as they will and'iight' 
then gradually work up to their full brilliancy ; "P srs'*"- 
whereas, if one set of lamps is started first, and run 
bright, and we then switch on another set, the 
current at first will be too small for the two sets, 
and the first set will get quite dull, remaining so 
until the dyrjamo is going at its proper speed again. 
When lighted up for the first time, it will be found iDoquoiit; 
that some of the lamps are much brighter than jiifpfcni" 
others ; this is because the lamps at present made '""■i"'- 
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are not of perfectly equal resistances. We must go 
round, then, and note where the dull ones are, and 
we can eitlier at once, or during next day, shift 
them into the bathrooms and places where such a 
. perfect light is not required. AH the lamps in one 
room, the first saloon, or music room, for instance, 
should be equalised as ranch as possible, and in such 
places the brightest should be used. Nothing looks 
worse thau to see a couple of dull lights in tiie same 
room as a lot of bright ones. By seeing t-o these 
matters we can make the lighting much more satis- 
factory than it otherwise would be. During the 
first few evenings we shall probably have some of 
the lamps go out through the filaments breaking. 
This I consider a weeding out of defective lamps, 
because if it were that the current was too strong, 
the fuses would have given way. Some of the fuses 
give way when the current is not too strong ; this is 
owing to imperfections in the fuses, and they must 
be replaced by spare ones. Tor the sake of economy, 
t it is well not to run the lamps too bright. Without 
,. giving the lamps the maximum current a very good 
light can be obtained, and they will last all the 
I need hardly say that there is a medium 
in this as in everything else, and it does not look 
well when a candle is placed alongside of an electric 
lamp to enable a person to read or write in comfort. 
All this time the dynamo is running, and wa 
must feel the bearings occasionally to see if they 
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are keeping cool. There will be no trouble if the No trouble 
lubrication is all right. If the oil does not get into dynamo if 
the bearings as it should do, they will heat, jam the ''l',"'^j''., 
Bpindle, or seize, and bring up the engine or break 
the belt. The lights will then all go out, and every- 
body will say hard things of the electric h'gbt, while 
the fault really rests with us. Sometimes seizing Seizing. 
occurs through the spindle not being slack enough 
in the hearings, but this generally occnra while 
testing the dynamo at the works. 

It must be borne in mind that in dynamos the Oil must 
Bpindle must be a good fit, and there may be room in 
the beariugs for ordinary en gine-oil while there may 
not be for a thicker oil, such as castor oil. There- 
fore, if the bearings show a tendency to heat, it may 
improve matters to thiu the oil used with petroleum. 
While giving the dynamo its proper supply of oil, 
we must only apply it in the proper places. If we 
let the bobbins get smothered in oil, the insulating 
material on the wire will get rotted, and a short cir- 
cuiting will probably take place. The dynamo can- The 
Dot be kept too clean, and there should be a canvas ^^^^ 
cover to put over it while not in use, especially while ''^P* '^'*"- 
coaling. We will suppose that all is going on right ; 
a steward comes along and says : " Mr. So-and-so, I 
cannot get the lamp in number 6 berth to light Utile 
although I have turned the switch the right way." ^u, tha 
" All right, I will go and look at it," you answer. '""!"■ 
Now, let us see what is the matter. We unhook or 
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unscrew the lamp, and look at the filament ; it is not 
broken. We replace the lamp again, and are careful 
tbat it makea good contact ; but Btill no light. Let 
US look at the safety fuse ; why, there ia none ! it has 
been missed out. M^e get one of the spare ones ont 
of our electric store, and put it in its place, and the 
lamp lights properly at once. We find another lamp 
out, and look at it. We see at once tbat the filament 
is broken, so there is no question about this one ; it 
must be changed. Hallo ! what is up with this one ? 
it goes in and out all the time like a flash light. The 
current must be getting to it all rigbt, otherwise it 
would not light at all, I see what it is ; it is a Swan 
lamp, and the spring is not pressing quite fairly on 
it, 80 that one hook is making good contact, while 
the other tightens and slacks with the vibration of 
, the ship. This is soon set right by turning the 
spring round a little, or hooking the lamp the other 
way. Or it is an Edison lamp, which has got slightly 
unscrewed, and no longer makes good contact at the 
back end of the holder. In some lamp-fittings the 
ends of the leads are held in a spring grip in the 
base of the bracket, and it may happen that they 
have slipped out, and so broken the circuit, and ex- 
tinguished the light. In the Swan lamps, and others 
of a similar pattern, one of the little platinum loops 
in the base of the lamps sometimes gets broken off; 
the lamp is then of no further use. To recapitulate, 
if a lamp goes out, the first thing is to see if the 
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Elament is broken, next if it makes good contact. If Reeapitu- 
it does not then light up, see if there is any current 
getting to it, tliia may be found out by toucliing the 
two hooks in a Swan holder, or the back and side of 
an Edison screw holdei', with a moistened finger. 
With a current of 50 volts a slight tickling aensa- a current 
tion will be felt if the current is passing through. If [^ hnrcily 
this cannot be felt, there must be some part or other " '" 
disconnected, perhaps the safety fuse has given out, 
or the ends of the leads got adrift from the bracket. 
If in any doubt about the lamp, try another in the 
same place. 

In some steamers incandescent lamps are used in ineandds- 
the side lamps ; they can easily be fitted for this [gj side 
purpose, especially when the ship is provided with ''?'''' 
lighthouses built in, as in the Anchor Line steamers. 
Two or more incandescent lamps can be arranged 
on a small stand, which will slide into the lantern, 
taking the place of the regulation oil-lamp, and con- 
nected by flexible leads to the other leads. It would 
be easy to put six 20-candle power lamps in a group 
in each lantern, as it does not matter in what position 
they are placed ; two might be used on ordinary 
occasions, while on a foggy night the whole six could 
be switched on. If one lamp went out through the 
Blament giving way, it would not affect the others, 
so that there would still be a light in the lantern. 
If, through some breakdown of the engine or dynamo, 
the electric current were no longer to be had, then it 
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wonld only be necessary to withdraw the stand of 
lamps, and put in the ordinary regulation oil-lamp. 

I The mast-head lamp could also be fitted with the 
electric light, as indeed has already been done. On 
no account, however, should an arc light be used, as 
besides being too dazzling, it is much too uncertain ; 
in fact many other reasons could be given for reject- 
ing it. It is even a question whether it is an 
advantage to have incandescent lamps for a mast- 
head light. There is certainly the great advantage 
of not having to pul! the lamp up and down to trim 
it, a rather risky performance in heavy weather, and 
also of the light not being affected by any wind that 
may get into the lamp ; though as regards the first, 
English officers would never be satisfied to see a 
lamp dangling on the stay all day 
to be the custom in some foreign i 
which it would have to be lowered to be cleaned 
outside. 

The present mast-head lights are quite powerful 

^ enough already, too much so when compared with 
the side lights, I am not aware of any collisions 
having occurred through a mast-head light not being 
seen in time, but how many from the side lights not 
being seen ! It was no doubt contemplated, aa 
indeed the regulations show, that no lights should be 
visible about a vessel, except the regulation lights ; 
but many who have seen a large passenger steamer 
go past will have noticed how her side was — one, 
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two, or three rows of dazzling bright lights, and will siJo oda 
have looked almost in vain for the green or red light, and 
light dimly visible in the midst of all the bright t^^^/'^'''* 
ones. If bright electric lights, therefore, are shining visible, 
through the ports, we must have our side lights at 
least as bright, so as to give them a chance of being 
seen. If electric lamps are used as side lights, the 
dynamo must be kept running all night. If it is 
thought desirable to put out all unnecessary lights 
at 11 P.M., the leads can be so arranged that these 
lights can be all on one or niore circuits, and the 
necessary ones on another. 

Although the dynamo will have to go at nearly Speed of 
the same speed throughout tlie night, it will not ^o^^nt 
have the same amount of work to do, and the enfjine '"'' 't™™, 

'-' power DAed 

will therefore use much less steam, the consumption in propor- 
being in proportion to the number of lights used, number of 
An economical engineer will therefore see that ^^'^'' '" 
bedroom lamps are not kept lighted all the evening 
without any necessity. On shore we should never 
think of keeping gas-lights blazing away for no 
purpose, and why should we use electricity with 
more lavishness, especially when it is so easy to turn 
a light on or off. The switches might with advan- 
tage be painted with Balmain'e luminous paint, and 
there would then be no trouble in finding tliem in 
the dark. It is well to know that on board ship. No danger 

to life f™"" 

probably in all cases of electric lighting, there is no eiectr 
danger to life to be apprehended from touching any ^^Jj'jj 
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of the leads where bare, or iodefid any part of the 
ciynamoB, as the E.M.F. is usually not more than 50 
volts. It is best, however, not to try any experi- 
ments, and it is a good general rule, not to touch a 
bare part of a dynamo or lead with both hands at 
the same time. The fear of getting hurt has the 
good effect of keeping passengers and others from 
meddling witli their lamps. 

I have said nothing about the use of electric 
lights in binnacles, though it would be a great 
advantage to be able to supply them with a good 
steady ligjit quite unaffected by wind. There is an 
obstacle to their use for this purpose, in that the 
electric current being used near the compass, the 
latter is affected by it. lu theory, an alternating 
current should have no effect ; but it would require 
very exhaustive experiments to be made before 
enough confidence could be inspired concerning its 
innocence, and I fancy it would usually be looked 
upon with great suspicion by captains and ofSeerB 
of ships. The dynamo being made up of powerful 
magnets, must of course be at a good distance from 
■ the compasses always. In some installations on iron 
steamers, the return leads have been dispensed with, 
the iron of the ship carrying the current back, in the 
same way that the earth or sea does it in a telegraph 
circuit. 

It is to be observed that a dynamo with hrusiies 
on the commutator is not necessarily a Brush 
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dynamo as a good many people seem to tliiuk, the 
latter buing named after its inventor, Mr. Brush. 

A dynamo is not a iatterif as some people call it, 
and there is no need for multiplying names. 

A pocket speed-indicator should be supplied for 
testing the speed of the dynamo, to see that it is 
kept up to proper speed, and that the belt (if used) 
does not slip to an unreasonable extent. 

I thiuk I have now said enough to redeem my 
introductory promise, and if I have, so to speak, let 
more electric light on to a subject previously dark 
to a good many people, I shall be well satisfied with 
my labour, and I hope that those who peruse thia 
book will be induced to go more deeply into the 
subject, by means of the many good books which 
have been written by cleverer men than I, and wljich 
enter more thoronglily into all its details. 
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tW, Swan itnd Co., Paris, late of Bmsh-Swan Electric Light Company, 
.S.A. i8mo, cloth, IS. 6d. 

Philipp Pcis, Inventor of the Telephone: A Biographical 

Sketch. With Docuineotarj' Testimony, Translations of the Original 
Papers of the Inventor, &c By Silvan us P. Thoiupson, B.A., Dt. Sc, 
Professor of Eiperimental Physics in University College, BristoL With 
illustrations, Svo, cloth. Is. dd. 

Treatise on the Use of Belting for the Transmis- 

of Power, By J. H. CooPEH.. Second edition, illustrated, 8vo, 




A Pockei-Book of Useful Formulm and Memoranda 

»for Civil and Mechanical Etiginiers. By GuiUoKD L. Moleswokth, 
Mem. Inst. C.E,, Consulting Engineer to the Govemraeot of India for 
State Railways. WitJl numerous iilustralians, 744 pp.^ Twenty-first 
edition, revised and enlarged, 3zmo, roan, 6s, 
Synopsis or Contents! 

Simreying. Levelling, etc.— Strcnglb Mud Wcighl o{ Materials — Earthwoik, Bridtwork, 
Miuaniy, Arches, ttc— Smjis, Columns, Bciirns, and Tniies— Flooring, RooSng, ood Roof 
Tmuei— Gildcn, Bridges, etc.— Railways aad Soads—Hydraulic FormutB-'CanBli, Sewers, 
Watecworiit, Docks— liHguion and Jtreakwaten— Gas, VeDlQatiad, and Winaiai — Heal, 
LIghl, Cobiir, and Sound— Gravily : Cenlres, Forces and Powers- Min-writ, Teelh of 
Wheels. Shariin^, etc. — Woriishop Reclpes^Sundry Machinery — Animal pDwei — Steam and 
the Steam Engine— Water-powei, Watet'WfaeeU, Tuil^net, ele.— Wind and Windmills— 
Steam Nailgarion, Ship BBOdiug. Tonnage, etc.— Gunoery, Projecines, etc.— Weigliis. 
Measures, and Money — TrigonDmetry, Conic Secrioni, and Currer-Telegiaphy — Mensuia- 

Cubo Roots, Powers— Reciprocals, etc.— u'seTu I Numbers— Diflerentiidaad iBteeial Calcu- 
lus-Algebraic Signs-Tclegraphig Ccinbtrucdon and ForBlubi 

Spans Tables and Memoranda for Engineers ; 

selected and arranged by J. T. Hukst, C.E., Author of ' ArchitecturaJ 
Surveyors' Handbook,' 'Hurst's Tredeold's Carpentry,' etc. Fifth edition, 
641110, roan, gill edges, it. ; or in eloth case, is. bd. 
This work is printed Id a pearl type, and is so small, measuiing only at iix. by il in, by 
i in. thick, thai ^ may be easflTeamed in the valsicoat packet. 

" It is certainly an eiEtremely Tare thing for a reviewer la be called upon to notice a volume 

little book before us. ^Tbe voJ^e-^iciT^u^ "1 S ^nt^d^^, b^d^°a fbv blanlc 
pages (at memoninda— is, in fact, a true pucket^baBk, adapted for being carried in the waist- 
coat pocket, and cantainui£ a far greater amouril and variety of infitfinatlou than most people 
would imagine could be compqrcued into so snutH a space. .... The litde volume has been 
compiled with considerahlB care and judgmenl, and we can cordially recommend it to our 
readers as a useful little pocket companion." — £s£interiit£. 

A. Practical Treatise on Natural and Artificial 

Concrtlc, its Varitliis and Canstructivi Adaptations. By HENRY Rbid, 
Author of the ' Science and Art of the Manofacture of Portland Cement.' 
New Edition, viilA 59 woodcuts and ^plates, Svo, doth, 15;. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wlieels itnd Machinery, witli various other matters pertaining to 
Hydrodynamics. By James Emerson. IVitA nurmrous illustrations, 
360 pp. Third edition, crown 8vo, cloth, 41. &/. 

Electricity as a Motive Power. By Count Tn. Du 

MONCBi, Membre de I'lnstitul de France, and Frank Geraldy, lagi- 
nicur des Ponta et Chanssees. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc Tel. Eng. and Elec. With li:^ mgravings 
and diagrams, crown Evo, clutb, ^s. (id. 

Hints on Architectural Draughtsmanship. By G. W. 

TuxFORD Hallatt. Fcap. Svo, doth, is, 6d. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotire Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytecbnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. Y. 
Klein, Lehigh University, Bethlehem, Pa, Illustrated^ 8vo, cloth, I2j. dd. 

The French- Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d, 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo» cloth, 4r. dd, 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas. By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates ^ cloth, 28j. 

Synopsis of Contents : 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 

lOmpSOn, E-~ ** « '^ «? '^--i — -'»- * — • ^ — » «-- t _...:_ nM — J 

G. R. Hisloi 



Thompson, Esq., M.R.C.S.—- Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers— Exnausters— Washers and Scrubbers— Purifiers— Purification — History of Gas 



Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter— Governor — Distribution- 
Mains— Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services— Consumers' Meters — Regulators— Burners— Fittings— Photometer— Carburization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses oT Gas— Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Linmg, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates, 2 vols., cloth, \os. 6d. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5j. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Capt. Royal Engineers. With 112 illustrations. 
4to, cloth, lis. 6d. 

Dy7iamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvan us P. Thompson, B.A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc., etc. Illus- 
trated, 8vo, cloth, 12s. 6d, 



PUBLISHED BY E. & F. N. SPON. 



The New Fornmla for Mean Velocity of DiscJuxrge 

of Rivers and Canals. By W. R. K UTTER. Translated from articles in 
the *Cultur-Ingcnieur,* by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, lis, td. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
nunurous plates^ post 8vo, cloth, $/. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Watcrwheels^ specially designed for the use of opera- 
tive mechanics. By William CiTLLEN, Millwright and Engineer. With 
1 1 plates. Second edition, revised and enlarged, small 4to, cloth, I2J. dd. 

Tin : Describing the Chief Methods of Mining, 

Dressing and Smelling it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Ciiarleton, Mem. American Inst, of 
Mining Engineers. Wit/i plates, 8vo, cloth, I2s, 6d, 

Perspective^ Explained and Illustrated. By G. S. 

Clarkk, Capt. K.E. With illustrations^ 8vo, cloth, 3j, td. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, Uirmerly Professor of Mathematics, College for Civil 
I'ingineers. Third edition, it'//// 148 'iuood en^avings, post 8vo, cloth, 

CONTENl'S : 

Chap. I. Huw Work \s Mcauircd by a Unit, both with and without reference to a Unit 
(if Time— Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of tite most beautiful Lawn of Motion— Chap. |. The princiules expounded in the fin>t and 
second chapters arc applied to the Motion of Bodicft— Chap. 4. The Tran»nit>»ion of Work by 
\unple Machiiicv— Chap. 5. Useful Propohitions aiul Kule:>. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for fmding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3J. 

Jirewerics and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
filiiion, revi>etl, enlarged, jmd partly rewritten. By F. CoLVKR, M.I.C.IC, 
M . I . M . K. / / 'ith 20 plates, 8vo, cloth, I Ss. 

A Practical Treatise on the Manufcuture of Starch, 

Glucow, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, an<l 
other authorities. By TULius Frankel ; edited by Kobkri IIutter, 
proprietor of the Philadelphia Starch Works. With 58 illustratiom, 
344 ppM ^vo, cloth, i2ii. 
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A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc, ; for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, 7^. (yd. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 

2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Stiver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting ottt Curves for Railways, Canals, 

Roads, etc,, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2.s, 6d. 

The Science and A rt of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,* etc., etp. 8\»o, cloth, i&r. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the. preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 91. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems— Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans — Map Drawing — Mechanical and Architectural 
Drawing-— Copying and Reducing Trigonometriod Formulae, etc., etc. 

The Boiler-maker s andiron Shtp-builder s Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc. Second edition revised, with illustra' 
tions, crown 8vo, cloth, 5^". 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lOf. (id. 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 
C0NDIT and J. SCHELLER. Illustrated, 8vo, cloth, 10^. dd. 
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A Treatise on Ropemakmg as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3j. 

Laxtofis Builders and Contractoi's Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 cjdculations. 
4to, cloth, 5j. 

Laxtons Btiilders and Contractors Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. • 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer, By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, wiih numerous piales and woodcuts, 8vo, cloth, l/. ioj. 

Screw Cutting Tables for Engineers and Machinists ^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s. 

Screw Chitting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, (>d. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, ds. 

Cleaning and Scou7nng : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6<r'. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Militar}' Engineering^', which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Batley-Dentox, C.E., B.A. 
With 140 illuHriHons, 8vo, cloth. 8r. (>d. 



12 CATALOGUE OF SCIENTIFIC BOOKS 



A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and dtagramsy crown 8vo, cloth, 5^. 

A Pocket'Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremenof Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

The Strains tcpon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compoimd Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations, draivn and worked out to scale, 
Svo, cloth, I2J-. dd, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2/. 2s. ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history' of tlie steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss. Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads. Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
corrcct.5 

Barloivs Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of ail Integer Numbers up to 10,000. Post Svo, 
cloth, 6j". 

Camus (Af.) Treatise o?i the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
])ractice of Millwrights, Engine Makers, and other Machinists, by 
i6.\AC Hawkins. Third edition, icilh \% plates, Svo, cloth, 5/. 



A Practical Treatise on t/ie Science of Lajtd and 

Enginicring Siiruiying, Zevdling, Estimating Quanlilies, tie., with a. 
general description of the several Instrnments required for Surveying, 
Levelling, Plotting, etc. By H. 5- Merkett. Third edition, 41 plala 
witA iiiuitratiani and faiies, Toyal Svo, cloth, izi. 6if. 
Pkibcipal Contents t 

Part I, Introduction and ths Frincmles of Geomelry. Pact 7. Land SurveyinE: com- 

Sliing General OtEenatknu— The Chain— Offsets Survetlng by Ih« Chain OIlIy---Surveying 
illv CmiinH— Tn Siivuin, an Estate or Palish hv the Chain only-^urYeyini; with Ihe 
n Surveyine— RailTMd Siirveyins— ""PpinS^Dlvision and 
ons OD EDdoauns— Plane Triiianoinclry. Fart 3. tjivelling — 
liuB-^Tho Level Book— Parliamentary Plan and Section— 



ih a TheodDllli— Gradients— W. 
Widths. Pan 4. Caldul " 



i,G' 



Level- The Prij 
graph — M< 



-Uonwotlt- Ti .„. r— - 

Ml PlmUnft-The Improved Dumpy Level— TtouBhtoo's 

Dpordonir Compass— Boj Seliant -Vernier— Pan.a. 

jh— Merrett's Improved Quadraal— Iraptoved Computation Scale— The Diaeonal Scale— 

light Edge and Sector. Fart 6. Loearithns of Numbers — Loaarithmic Sinei and 

Co-Sines, Tangeats and Co-Tangents— Ffaiural Sines and Co-Siocs— Tables (or Eanhwork, 
r^r Setting out Curves, and for various CalculadoRS, etc., etc., etc 

Saws: the History, Development, Action, Classifica- 
tion, and Comparison of Sa:Bs of all kinds. By ROBERT GrimshaW. 
■ mi/i 310 illuslraliom, 4I0, cloth, I2s. dd. 

A Supplement to ihe above; containing additional 

practical mitter, more espednlly relating to the fortnB of Saw Teeth fnr 
special material and conditions, and to the behaviour of Saws under 
particular conditions. Witk 120 iiluslralioiti, cloth, gs. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskker, Royal Danisli Engineers. IVilh Ulustratiaiis, 
second edition, crown Svo, doth, 4c. dd. 

Laying and Repairing Electric Telegraph Cables. By 

Capt. V. HosKliEK, Royal Danish Engineers. Crown Svo, cloth, 

A Pocket-Book of Practical Rules for the Proportions. 

oj Modtrn Engines and Boilers for Land and MaHni purposes. By N. P. 
BoaoK. Seventh edition, royal 32010, roan, 41. &/. 

The Assayer's Manual: an Abridged Treatise on 

the Dacimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
iliustralhns, Svo, cloth, \-is.6d. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, Uiustiated by Diagrams, 

' Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
r F.R.S., Professor of Applied Mei:hiuiics in the Royal Naval College 
I Svo, cloth, lis, 6d. 
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'lectricity: its Theory, Sources, and Applications. 

By J. T. Sprague, M.S.T.E. Second edition, levised and eolaiged, laith 
aainerous ithatratisns, crown Svo, cloth, 15/. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as maybe required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Omamenlal Turning. (A book for beginners.) By PeanciS Cawpim. 
I Third edition, with 'wood engravings, crown. 8to, doth, 6r. 
[ Contents : 

On LalhK—TuniinB TmOj— Turning Wood— DrinlnB— Screw Cutiing— MisMUaBeom 
Apparatus and PnxKaBcs-^XumiiiE Far{icLilBr Farms~Stuiun£— PolkhicK— SiunoinE MctBll 

Health and Comfort in House Building, or Ventila- 
tion witk Warm Air fy Self-Acting Suelimt Fovier, with Review of the 
mode of CsJcolating the Draught in Hoi-Air Flues, and with some actual 
r Experiments, By J. Drvsdale, M.D., and J. W. Haywabd, M.D, 
I Second edition, with Supplement, -with plaks, demy Svo, cloth, 7/. 6ii 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With Zi illustroMons, ci 
Svo, cloth, &f. &/. 

Contents : 

UElinidDiu of Words and Terms osed in Waichwoik— Tools— Time— HiiloricDl Siu»> 
inir]~-Oii Calculations of llic Number! for Wheels and F^nions: their Fropactional Siin. 

T,,!'-, -. nr Ti;,i wk-.i, — u~.i"-w^-v._LffDglliDf'rimeofGobigwitlioii[ Winding' 

Tlie Levei~-Tbe Chnmomela— Repeatii^ 
itpiral Spriue — Cnippcnmiion — JeweHine a 

— InopMiiyofWorluneQ— HowloCh,!.* 

and UK 3 Watch, etc. 

' J^otes in Mechanical Engineering. Compiled prin- 

B cipally for the use of the Students attending the Classes on this subject at 

^ the City of London College. By Henry Adams, Mem. Inst. M.E.» 

' Mem. Inst. C.E., Mem. Soc, of Engineers. Crown 8vo, cloth, it, fui. 

Algebra Self-Tanght. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst. C.E., Author of ' A Handbook ot the Differ- 
ential Calculus,' etc. Second edition, crown Svo, cloth, ai. %d. 
Contents ; 

Symbols and llie Sign! of Operation— The Equation and the Unknown Qiuutily— 
Positive and Negative Quantities— MuitipUcafiun-E n.olu lion— Eipooenti—NeEaLive Expo.' 
nenl-1— Roots, and the Use of EKponents as Losarithms- Lagariihms— TahLesof LorarilhoH 
and PioportionHW Parts —Tiansformation nf Systtm of LDgarithms— Common Uses OF 
Common LpDearilhms— Compound Multlpli cation and the Binamial Theorem— DniiioE^ 
fradtion»,3ndRatio—ConlinDcd Proportion— The Series and the Summation of the Seiies— 
Limit of Series— Square and Cube Roots— Eqiutioni^Llst of Fonnuls. eic. 

Spons' Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms io French, German, Italian, 
and Spanish, 3100 pp., and nearly tjooo engravings, in SQper-n^al 8vo,. 
in 8 divisions, 5/. Sr. Complde in 3 vols,, cloth, 5/. 5^. Bound in A 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. isj. 
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Materials of Construc- 


and Machinery. 


Dredging Machinery. 


tion. 


Air Corapresiors. 


Dynamo - Electric and 


Meters. 


Animal Charcoal Ma- 


Magneto-Eleclriu Ma- 


Ores, Machinery and 


chinery. 


cliines. 


Processes employed to 


Antimony. 


Dynamometer.. 


Dress. 


Axles and Ank-boxes, 




Piers. 


Bam Machinery. 


Telegraphy, Electric 


Pile Driving. 


Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis 


Blasting. Boilers. 


tical de tails, Telephones 


sion. 


Brakes. 


Engines, Varieties of. 


Pumps. 


Brick Machinery. 


Explosives. Fans. 


Pyrometers. 


Bridges. 


Foundiog, Moulding and 


Road Locomotives. 


Ci^es for Mines. 


the practical work of 


Rock Drills. 


Cdeulus, Dirrerentialand 


the Foundry, 


Rolling Stock. 


Integral. 


Gas, Manufacture of. 


Sanitary Engineering. 


Canals. 


Hammers, Steam and 


Shafting. 


Carpentry. 


other Tower. 


Steel. 


Cast Iron. 


Heat. Horse Power. 


Steam Naw7. 


Cement, Concrete, 


Hydraulics. 




Limes, and Morlar. 


Hydro .geology. 


Tramways. 


Chimney Shafts. 


Indicators, lion. 


WellSmkiaE. ■ 


Coal 'Cleansing and 


Lifts. Hoists, and Eleva- 


^^^^M 


Washing. 


tors. 
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SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

mportant of the subjects treated of, art 



Photograpby, 13 pp. fl 

figs. 
Pigments, 9 pp. 6 figs. 
PoUery, 46 pp. 57 figs. 
PiiDting and EngTBvm| 

zo pp. S figs. 
Rags. 
Kesinoiis and Gumn 

Substances, 75 pp. I 



Among the more ii 

following ; — 

Adds, 307 pp. zzo figs- 
Alcohol, 23 pp. 16 figs. 

Alcoholic Liquors, 13 pp. 

Alkalies, 89 pp. 78 fig?. 

Alloys. Alum. 

Asphalt. Assaying. 

Beverages, S9 pp. 29 figs. 

Bkclis. 

Bleaching Powder, 15 pp. 

Bleaching, 51 pp. 48 figs. 

Candles, 18 pp. 9 figs. 

Carbon Bisulphide. 

Celluloid, 9 pp. 
I Cements. Clay, 
r Coal-tai Products, 44 pp. 
I 14 figs. 

Cocoa, 8 pp. 

Coffee, -' - 

Cock, 8'.. . „ 

Cotton Manufactures, 6z 
pp. 57 figs. 

Drugs, 38 pp. 

Dyeing and Calico 
Priding, 28 pp. 9 figs. 

Dvesluffs, l5 pp. 

Eieclro-Metallurg)', 13 
pp. 
[ Explosives, 22 pp. 33 
I Feathers. 

Fibrous Substances, 92 
pp. 79 figs. 

Floor-cloth, 16 pp. 



PORd FrcBervi 
[ Fruit, 8 pp. 

^H Lon( 



Glass, 45 pp. 77 figs. 
Graphite, 7 pp. 
Hair, 7 pp. 
Hair Manufactures. 
Hats, 26 pp. 26 figs. 
Honey. Hops. 

Ice, 10 pp. 14 figs. 
Indiarubber Manufac- 
tures, 23 pp. 17 figs. 
Ink, 17 pp. 

Jute Manufactures, 11 

pp., II figs. 
Knitted Fabrics — 

Hosiery, 15 pp. 13 figs. 
Lace, 13 pp. 9 figs. 
Leather, 38 pp. 31 figs. 
Linen Manufactures, 16 

pp. 6 figs. 
Manures, 31 pp. 30 figs. 
Matches, 17 pp. 38 figs. 
Mordants, 13 pp. 
Narcotics, 47 pp. 
Nuts, 10 pp. 
Oils and Fatty Sub- 

Elanccs, 125 pp. 

Paper, 26 pp. 21 figs. 
Paraffin, S pp. 6 figs. 
Pearl and Coral, 8 pp. 



Silk, 



pp. 



Silk Manufactures, 9 pp, 

Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, S pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 

figs. 

Tannin, 18 pp. 

Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wai, 5 pp. 
Wool, 2 pp. 

Woollen M.anufacture^ 
58 pp. 39 figs. 
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Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
LanceSjLights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper, 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterprofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 



mention. 
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Synopsis of Contents. 




Adciimetry and Alkali- 


Disinfeclants. 


Isinglass. 


. , metry. 


Dyeing, Staining, and 


Ivory substitutes. 


jAlbiunen. 


Colouiing. 


Leather. 


Alcohol. 


Essences. 


Luminous bodies. 


'Alkaloids. 




Magnesia. 


Baking-powders. 


Gelatine, Glue, and Siie. 


MalcheE. 


Bitters. 


Paper. 


BleachiDE. 


Glycerine. 


Parchment. 


Boiler Incrastations. 


Gut. 


Perchloric acid. 


CemcDts and Lutes. 


Hydrocen peroxide. 




Cleonaing, 


Ink. 


Pri^^g.'"'""'' 


Confection erj-. 


Iodine. 




CopjinE- 


lodofoim. 





Fi^menta, Faint, and Painting : embracing the preparation 
Pigments, including alumina lakes, blacks (animal, bone, FrBnkfort, ivocy^ 
lamp, sight, soot), blues (antimony,. Antwerp, cobalt, ccetuleum, Egyptiai 
manganate, Paris, F^igm, Prussian, smalt, ultramarine), browns (liiatn 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunsn'icI 
chEome, cobalt, Douglas, emerald, manganese, mitis, mounlain, Prtissial, 
sap, Echeele's, SchweinTarth, titanium, verdigris, zinc), reds (Brazilwood laktt 
corniinaled lake, carmine, Cassius purple, cobalt pink, cochineal lake, coIcCH 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum^^^ 
baryta, Chinese, lead sulphate, while lead — by American, Dutch, Frencll' 
German, Kremnitx, and Pattinson processes, tprecantioos in making, aW 
composition of commercial samples — whiting, Wilkinson's white, euic whitej 
yellows (clirome, gamboge, Naples, ocpiment, realgar, yellow lakes) ; Paia 
(vehicles, testing oils, driers, grinding, Btoiing, applying, priming, drrinf 
^ling, coats, brushes, surface, water- colonrs, removing smell, discoloratiolij 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite painl, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painiing (general instmctionc, 
proportions of ingredients, measuring paint work ; cairiage painting — priminf 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oi^ 
driers, and colours, varnishing, importance of washing vehicles, re-vaniiilliaB 
how to dry paint ; woodwori; painting). 



I 
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Crown 8vo, cloth, 480 pages, with 183 illustrations, $s, 

WOBKSHOP EECEIPTS, 

THIRD SERIES, 

By C. G. WARNFORD LOCK. 

tTniform with the First and Second Series. 
Synopsis of Contents. 



Alloys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


SUver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. ' 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


Cobalt. 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel. 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


' Potassium. 


Zirconium. 


Gold. 


Rhodium. 


Aluminium 
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s, 

SPONS' 
MECHANIC'S OWN BOOK 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture^ 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — ^Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging— Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. 

London : E. & F. N. SPON, 126, Strand. 

New York : 35, Hurray Street.- 



